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Abstract 
Thermoplastic starch (TPS) based plastic is a promising material for solving various environmental issues. Therefore, this 
research was conducted to investigate the potential of Tacca leontopetaloides starch plasticized using glycerol and crude palm oil 
(CPO) as an aid in plastic development. Fourier Transform Infrared (FTIR) analysis of CPO-TPS shows the samples have a 
lower limit since the bends undergo less disruption after degradability test was performed. The functional group of glycerol TPS 
was 100% disrupted after degradation test where no peaks observed by FTIR. The thermal decomposition of TPSs analyzed by 
using Thermogravimetric Analysis (TGA) showed Glycerol TPS gave similar thermal stability behavior as conventional TPS. 
However, glycerol TPS has faster degradation rate since the samples started to degrade at low temperature 70 ϶C compared with 
conventional bio-plastic at 110 ϶C. This finding shows the benefit of a new renewable source of starch as a bio-plastic. This is 
fiscible since starch is not a staple food for Malaysia population.  
© 2013 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
Petrochemical-based plastic products in a land¿ll have led to serious environmental concerns over the past 
decade [1]. In recent years, a sustainable alternative which is biodegradable plastics have been developed to replace 
commodity thermoplastics. Biodegradable plastics or bio-plastics are capable of biodegradation in certain controlled 
environments.  
Bioplastic contains polymers from renewable resources, like thermoplastic starch (TPS) or poly-lactic-acid (PLA) 
[2] TPS, consisting of starch and plasticizer, has become an interesting and economically attractive alternative for 
traditional plastics [3]. The development and production of biodegradable thermoplastic starch (TPS) may help in 
reducing the total amount of plastic waste. 
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Tacca leontopetaloides also known as Polynesian arrowroot starch is a wild perennial herb belonging to the 
species Dioscoreaceae [4]. This plant is naturally distributed from western Africa through southern Asia to northern 
Australia [5-7]. This starch serve as an important food source for many Pacific Island cultures and additionally used 
to stiffen fabrics in some of the islands [8]. According to Manek et al.[9], this starch is a perennial herb with a 
tuberous rhizome, from which a single petiole, 60-90 cm long arises, bearing deeply lobed leaf blades consisting of 
three main segments, each further divided in a pinnate manner, the blades are about 30 cm across. Application of 
this starch was reported as a treatment of stomach ailments. It is also believed to treat diarrhea and dysentery [4].  
The process of TPS production involved the use of native and slightly modified starches. The advantages of using 
starch are cheap, abundant and renewable. However, Kalambur et al. [10] mentioned that the used of starch itself in 
bio-plastic manufacturing is unsuitable because of various disadvantages. These include brittleness of the material in 
the absence of suitable plasticizers and the hydrophilic nature of starch. As a result, the mechanical properties 
deteriorate upon exposure to environmental conditions like humidity. Thus, starch needs to be blended with other 
synthetic polymers or plasticizer in order to eliminate these disadvantages.  
The most common plasticizer is water. Water is used in the thermal processing of starch–based polymer. 
However, using water alone is not preferable as a result of the TPS will have poor mechanical properties [11]. 
Therefore, a variety of plasticizers to improve the processing properties and product performance of TPS have been 
evaluated. In most literature for TPS, plasticizers that are usually being used in promoting the plasticization of starch 
are glycerol, glycol, xylitol, sorbitol, sugars, and amides, such as urea, formamide and ethylenebisformamide.[12] 
During the thermoplastic process, plasticizers play an indispensable role, because the plasticizers could form the 
hydrogen bonds with starch, take the place of the strong interaction between intra- and intermolecular hydrogen 
bonds in starch, and make starch display the plasticization [13] 
In another research done by Wypich [14], the components like monoglyceride and triglyceride present in crude 
palm oil being the most suitable use as a plasticizer. In addition, palm oil contains of 40% oleic acid 
(monounsaturated fatty acid), 10% linoleic acid (polyunsaturated fatty acid), 45% palmitic acid and 5% stearic acid.  
Fabunmi et al. [15] had reviewed previous paper on developing biodegradable plastics from starch and it was 
found that most of the work done is on cereal and root or tuber crops. Therefore, there is a need to widen the scope 
of this research by embracing other sources of starch like the legumes. On this basis, the aim of this study was to 
investigate the potential of Tacca leontopetaloides starch as a new renewable starch sources incorporate with 
glycerol, crude palm oil for plastic development. 
2. Materials and Methods 
2.1. Materials 
     Tacca leontopetaloides starch with the properties as in Table 1 was obtained from the east coast of Peninsular 
Malaysia which is Mersing, Johor. Glycerol was purchased from Merck Sdn. Bhd., conventional plastic was 
obtained from Maribumi Sdn. Bhd in which was made up from bio-based material and Crude Palm Oil (CPO) was 
supplied by Malaysia Palm Oil Board (MPOB). 
  
Table 1. The properties of Tacca leontopetaloides starch 
Properties Value 
Amylose: Amylopectine,% 22.5:77.5[4-9] 
True Density, g mL-1 
Swelling Index, g mL-1 
1.67[4] 
1.30[4] 
Water absorption capacity 6.55[4] 
Dry matter, % 28[4] 
Mean Particle size 2.64 μm [9] 
 
2.2. Process gelatinization of Tacca leontopetaloides Starch.  
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     Starch was boiled with water and plasticizer, which were glycerol, and CPO, and vigorously mechanically stirred 
at 150 oC until the suspension become transparent. Then, the suspension was cooled down and a starch-plasticizer 
paste was obtained. The paste was poured into a thin layer container and dried in the oven to a constant weight at 
80oC for 5 days. A thin layer thermoplastic starch (TPS) formed was cut into small size for further testing. The 
composition of formulated TPS is shown in Table 2.  
 
Table 2. Composition of TPS 
Composition/Samples Glycerol TPS CPO TPS 
Starch (g) 10 10 
Volume of Plasticizer (mL) 2 2 
Volume of Water (mL) 100 100 
 
2.3.  Fourier Transform Infrared (FT-IR) Analysis. 
     Fourier Transform Infrared (FT-IR) spectra were recorded using Perkin Elmer FT-IR spectroscopy. Samples were 
compressed into a thin pellet and analyzed by scanning the wavelength between 4000 and 515 cmí1. The infrared 
spectroscopy detects the vibration characteristics of chemical functional groups in the sample. 
 
2.4. Thermogravimetric Analysis (TGA).  
      The thermal decomposition of samples was investigated by using METLER TOLEDO TGA SDTA851. Samples 
were weighed and was heated starting from room temperature to 600 oC with a heating rate of 10 oC min-1 in an 
ambient air environment. The decomposition of thermoplastic starch (TPS) was recorded. 
 
2.5. Morphological Analysis. 
      The morphological characteristics of samples before and after degradation test were investigated by using 
SUPRA 40VP field emission scanning electron microscopic (FESEM) with 5.0 kV at magnification 300x with WD 
of 5.5mm. The samples were coated using BAL TEC SCD 005 Sputter Coater at 65A equal to 10nm layer of 
palladium in order to avoid charging during process electron bombardation occurs.  
 
2.6. Degradability Test. 
 The bio-plastic produced undergo degradation test according to ASTM D7475. Three set of batch reactor were 
set up. The reactor was filled with the same type of soil present in the land fill. The degradation test was carried out 
in an aerobic condition and temperature was maintained at 25-37 ϶C in which the ideal temperature observed for 
Malaysia climate.  
3. Results and Discussion 
3.1. Fourier Transform Infra- Red (FTIR) analysis.  
 The functional group exists in formulated samples and conventional bio-plastic before and after degradability 
test was analyzed using Fourier Transform Infrared (FTIR). Fig. 1a shows the spectra of Glycerol TPS, CPO TPS 
and conventional bio-plastic before degradability test and Fig.1b shows after degradability test was performed on the 
samples. The CPO TPS spectrum in Fig. 1a shows a sharp peak at 1743 cm-1, which indicated a triglyceride ester 
linkage [16]. The peaks between 3000 and 2900 cm-1in all spectra correspond to the CH bends. The spectra region of 
CPO TPS does not undergo so much change after degradability test (Fig.1b), it might be because of the high thermal 
stability of CPO TPS which is proven by the thermogravimetry analysis (Fig.2) and supported by the morphological 
structure (Fig.3) of CPO TPS after degradability test was performed. The glycerol TPS and Conventional bio-plastic 
spectrum in Fig.1a is similar since the conventional bio-plastic from Maribumi Sdn. Bhd is a bio-degradable plastic. 
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However, the spectrum of glycerol TPS after degradability test (Fig.1b) shows about 95% of bends was diminished 
while undergoes degradation process. Meanwhile, the bands in Conventional bio-plastic left  only three major peaks 
at 3377 cm-1 (CH bends), 1028 cm-1(CO stretch to an ester) and 873 cm-1. Therefore, TPS plasticized with glycerol 
has promoted degradability when it no longer in use.  
 
Fig. 1. FT-IR analysis of Conventional bio-plastic, Glycerol TPS and CPO TPS (a) before and (b) after degradation test 
 
(b)
(a)
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3.2. Thermogravimetric Analysis (TGA).  
The thermal decomposition of formulated samples and conventional bio-plastic was investigated by using 
Thermogravimetry instrument. Fig.2a and 2b shows the plotting data of thermogravimetric analysis and its 
derivative respectively. From the graph (Fig. 2b), CPO TPS needs high temperature up to 430 ͼC to start degrading. 
At the end of 500 ͼC, 25% of sample left as residue. It was different for the glycerol TPS and conventional bio-
plastic in which they start to reduce weight at 70 ͼC and 110 ͼC respectively. It shows that, this two thermal 
decomposition curve was slightly the same. The weight of Glycerol TPS broadly decreased between 110 and 260 ͼC, 
and drastically decrease when it achieve 290 ͼC (Fig.2a). Meanwhile, the conventional bio-plastic broadly 
undergoes weight lost at 240 ͼC and left 15% residue at the end of 500ͼC in which the less amount of residue among 
the three samples (Fig.2a). Glycerol TPS left about 20% of residue in which less that CPO TPS but slightly more 
than conventional bio-plastic. However, the starch with plasticized by glycerol undergo faster rate of mass change 
compared with CPO TPS and conventional bio-plastic (Fig.2a). It indicates the easier thermal degradation has taken 
place [17].  
 Addition of crude palm oil (CPO) into the starch has brought to a higher thermal stability of compounding as 
shown in Fig. 2 and was proven by the morphological structure, after degradation test was performed (Fig.3). The 
CPO TPS start to degrade at 410 ͼC and stable at 500 ͼC. Meanwhile, the decomposition of starch is reported [17-18] 
at temperature between 300 and 400 ͼC. However, this peak does not exist in the CPO TPS spectra. In comparison, 
the conventional bio-plastic undergoes unstable thermal behaviour wherein undergoes three decomposition curve. 
First curve indicated the lost of moisture weight [18] second curve represent the natural sources and it could be 
starch, and the last curve might represent the additive from oil based.  
The temperature range at which starch was degraded is not present in CPO TPS spectra (Fig. 2b). This maybe 
because of oil based plasticizer possesses dynamic cross linking with structural starch so that the material became 
high thermal resistant. Besides, there is no peak revealed at 0-100 ϶C in the CPO TPS spectra (Fig. 2b) could be the 
sample had less amount of moisture content diminish during drying process in which cannot be measured by TGA. 
On top of that, glycerol TPS shows the easiest to be degraded compared to CPO TPS and conventional bio-plastic. 
 
 
 
 
Fig.2 Thermogravimetric analysis (a) and Derivative thermogravimetric (b) plots of Glycerol TPS, CPO TPS and Conventional Bio-Plastic 
 
 
3.3. Field Emission Electron Scanning Microscopic (FESEM) analyses 
 
The morphological surface structure on glycerol TPS, Conventional bio-plastic and CPO TPS before and 
after degradability test was investigated using Field Emission Scanning Electron Microscopic (FESEM) with 300 
times magnification as shown in Fig.3. Among these, glycerol TPS and Conventional bio-plastic seemed to have had 
some degradation effect on the morphological structure after degradation test was performed. The change of 
morphological surface shown in Fig. 3 indicated that the Glycerol TPS and conventional bio-plastic can be further 
degraded in the degrading process. As CPO TPS have high thermal stability stated in Fig. 2 earlier, therefore, the 
(a) (b) 
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morphological structure before and after the degradability test, showed to be unchanged.   
 
 
Fig. 3. Morphological structure of CPO TPS, Glycerol TPS and Conventional Bio-plastic before (a,c,e) and after (b,d,f) degradation test at 300x 
magnification. 
4. Conclusions 
It can be concluded that, Tacca leontopetaloides starch incorporated with glycerol undergoes higher rate of 
degradation with 100% of functional group exhibit in glycerol TPS diminished after experiencing degradation test. 
20μM 20μM 
(a) (b) 
20μM 20μM 
(d) (c)
20μM 20μM 
(f) (e) 
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The mixture becomes highly thermal resistant up to 430 ϶C when it is plasticized with crude palm oil (CPO). The 
thermal behavior of glycerol TPS was quite similar to the conventional bio-plastic that supports the utilization of 
Tacca leontopetaloides starch as bio-plastic development.   
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